Purpose of Review: This article provides an overview of the clinical features, neuropathologic findings, diagnostic criteria, and management of dementia with Lewy bodies (DLB) and Parkinson disease dementia (PDD), together known as the Lewy body dementias. Recent Findings: DLB and PDD are common, clinically similar syndromes that share characteristic neuropathologic changes, including deposition of !-synuclein in Lewy bodies and neurites and loss of tegmental dopamine cell populations and basal forebrain cholinergic populations, often with a variable degree of coexisting Alzheimer pathology. The clinical constellations of DLB and PDD include progressive cognitive impairment associated with parkinsonism, visual hallucinations, and fluctuations of attention and wakefulness. Current clinical diagnostic criteria emphasize these features and also weigh evidence for dopamine cell loss measured with single-photon emission computed tomography (SPECT) imaging and for rapid eye movement (REM) sleep behavior disorder, a risk factor for the synucleinopathies. The timing of dementia relative to parkinsonism is the major clinical distinction between DLB and PDD, with dementia arising in the setting of well-established idiopathic Parkinson disease (after at least 1 year of motor symptoms) denoting PDD, while earlier cognitive impairment relative to parkinsonism denotes DLB. The distinction between these syndromes continues to be an active research question. Treatment for these illnesses remains symptomatic and relies on both pharmacologic and nonpharmacologic strategies. Summary: DLB and PDD are important and common dementia syndromes that overlap in their clinical features, neuropathology, and management. They are believed to exist on a spectrum of Lewy body disease, and some controversy persists in their differentiation. Given the need to optimize cognition, extrapyramidal function, and psychiatric health, management can be complex and should be systematic. 
INTRODUCTION
In 1912, Frederick Lewy first described the cytoplasmic inclusions now known as Lewy bodies in the substantia nigra in Parkinson disease (PD). 1 Cortical Lewy bodies were first reported in association with dementia in 1961, 2 but they were felt to be a relatively rare finding until the 1980s, when first ubiquitin and later !-synuclein immunostains made it easier to see them 3 and demonstrated that Lewy bodies were a common neuropathologic finding in dementia, second only to Alzheimer disease (AD). Lewy bodyYrelated pathology is observed in dementia with Lewy bodies (DLB), idiopathic PD, and multiple system atrophy (MSA), and DLB and the dementia that arises in PD (ie, Parkinson disease dementia [PDD] ) together comprise the Lewy body dementias. The clinical features of DLB and PDD are similar and include hallucinations, cognitive fluctuations, and dementia in the setting of the extrapyramidal motor impairments known as parkinsonism. The cognitive domains that are impacted in DLB and PDD overlap substantially, with prominent executive dysfunction and visualspatial abnormalities and variable impairment in memory capacities. 4 In DLB, dementia often heralds the onset of illness in advance of parkinsonian motor signs, but by consensus may follow their development up to 1 year from their onset. 5 In contrast, a diagnosis of PDD is made when cognitive impairments develop in the setting of well-established PD. 6 Despite the different temporal sequences of motor and cognitive deficits, PDD and DLB show remarkably convergent neuropathologic changes at autopsy. These changes include widespread limbic and cortical Lewy bodies 7 and Lewy neurites composed of aggregates of !-synuclein that involve the brainstem as well as limbic and neocortical regions (referred to as Lewy body disease), loss of midbrain dopamine cells, 8 and loss of cholinergic neurons in ventral forebrain nuclei. 9 Neuritic plaques that contain amyloid and neurofibrillary tangles are found in the majority of cases of DLB and are common in PD. 10 Current neuropathologic criteria of Lewy body disease weigh !-synuclein pathology against AD neurofibrillary tangle pathology to estimate the probability that Lewy body disease caused the clinical syndrome in life. 5 It is notable that Lewy body disease at autopsy does not successfully predict whether patients had DLB or PDD syndromes in life. The overlap of clinical, neuropsychological, and neuropathologic features has led to the hypothesis that PDD and DLB may be different phenotypic expressions of the same underlying process. 11, 12 This hypothesis implies that future diseasemodifying therapies will be effective in both diseases.
CLINICAL FEATURES AND DIAGNOSTIC EVALUATION OF DEMENTIA WITH LEWY BODIES
DLB is associated with a stereotyped set of clinical features.
Cognitive Symptoms
The typical patient with DLB presents with early dementia, often in association with visual hallucinations. Extrapyramidal motor symptoms and signs characteristic of PD often develop simultaneously or soon thereafter. Progressive cognitive decline begins early, typically after age 55. It is useful to identify the first cognitive domains impaired, as these can point toward DLB. Although short-term memory may be involved, cognitive domains other than memory are frequently affected as well, including attention, executive function, and visual-spatial skill. Patients may therefore report early difficulty multitasking at work or home and may start to lose the thread of conversations. In addition, patients may occasionally get lost while driving or grow increasingly dependent on global positioning system (GPS) devices. Short-term memory loss can be significant as well. While reminiscent of the impairment of hippocampal-dependent memory encoding seen in AD, in many patients with DLB, the impairment of shortterm memory reflects instead a problem of retrieval of stored information, which can be improved with cues. Errors of memory encoding and retrieval can be differentiated on detailed cognitive testing (see the following section on diagnostic criteria for DLB). Over time, patients' cognitive KEY POINTS impairments progress and spread to involve other cognitive domains. When they are sufficiently severe to impair social or occupational function (impacting instrumental or basic activities of daily living), they reach criteria for a diagnosis of dementia. 5 
Neuropsychiatric Symptoms
Recurrent, complex visual hallucinations are common in patients with DLB, and their early presence in a dementia syndrome is diagnostically useful. These hallucinations are usually well formed and animate, and it is common for these hallucinations to include adults or small children, deceased family members, and small animals. Early in the course of the illness, hallucinations are usually unimodal, without sound, smell, or touch. They are frequently welltolerated and emotionally neutral, but occasionally can be dysphoric or fear provoking. These hallucinations are distinct from visual illusions, in which an object is visually misinterpreted (eg, a corner lamp that is misinterpreted as a person). Such illusions are common early in the illness as well, particularly at night in dimly lit environments, but are nonspecific.
Delusions can also arise in patients with DLB, typically later in the course, and usually have a paranoid quality. Delusions of infidelity, house intruders, and theft are common, the latter often occurring as patients misplace items around the home. As cognition continues to deteriorate, patients may believe that their spouse or other caregiver has been replaced by an imposter, a phenomenon known as Capgras syndrome. One hypothesis for this phenomenon is the loss of valence (ie, emotional) associations for a memory, such that a familiar face, for example, loses its ability to retrieve emotional associations.
Fluctuations of Attention and Arousal
Attention and alertness may fluctuate, leading to episodes of staring and perturbed flow of ideas, or to frequent daytime drowsiness and naps during the day. These episodes can be hard to quantify and need to be disentangled from toxic metabolic processes such as medication side effects or infections. A recent fluctuations scale vetted for this purpose is the Dementia Cognitive Fluctuation Scale, 13 which aggregates prior scales. The fluctuations screen requires a positive response to at least three of the following: (1) Does the patient's inability to organize thoughts in a coherent way vary significantly over the course of the day? (2) Does the patient spend more than 1 hour sleeping during the waking day? (3) Is the patient drowsy and lethargic for more than 1 hour during the day, despite getting the usual amount of sleep the night before? (4) Is the patient difficult to arouse on a usual day? This approach had a sensitivity of 80% and a specificity of 76% in differentiating clinical syndromes of DLB and PDD from AD and vascular dementia, but has yet to be neuropathologically validated.
Motor Features of Parkinsonism
Parkinsonian motor signs often develop concurrently with or subsequent to these problems and are also diagnostically very useful. These motor signs are often symmetric, and bradykinesia and gait impairment are more common than rest tremor. However, the variance of the motor presentation is high. Some patients may present with a classic asymmetric pill-rolling tremor of PD while others may have no motor concerns yet will display clear extrapyramidal dysfunction on examination. In contrast to patients with PD, who have a sustained beneficial response to PD medications such as carbidopa/levodopa, patients with DLB often have a limited response to such medications. These patients nonetheless show reduced dopamine transporter (DAT) activity on single-photon emission computed tomography (SPECT) or positron emission tomography (PET) imaging, when performed. Generalized myoclonus can also occur in some patients with DLB.
Neuroleptic Sensitivity
In part as a result of dopamine cell loss, patients with DLB are particularly sensitive to neuroleptics. Such agents can trigger or exacerbate parkinsonism, as they can in PD, and this may be irreversible. In addition, neuroleptics have been associated with increased mortality, and patients with DLB are at increased risk for neuroleptic malignant syndrome. Neuroleptics can also affect cognition and impair attention and alertness. This issue of neuroleptic sensitivity is clinically important, as many patients will at some time be evaluated in an emergency department for psychosis or confusion, where haloperidol and other neuroleptics are dispensed liberally. As such, it is worthwhile to teach patients and their caregivers that patients with DLB are essentially ''allergic'' to haloperidol and other neuroleptics with significant D 2 receptor antagonism.
Other Associated Symptoms
As in PD (see the following section on preclinical synucleinopathies), rapid eye movement (REM) sleep behavior disorder, loss of olfaction, and constipation are common and may antedate the illness by several years.
14 Epidemiologic data suggest that these problems are risk factors for all of the synucleinopathies (PD, DLB, and MSA). In addition, many patients with DLB will report a chronic, high sensitivity to medications in general. It is unclear how or whether this relates to the underlying disease process.
Rapid Eye Movement Sleep
Behavior Disorder REM sleep behavior disorder refers to a syndrome in which the normal paralysis of REM sleep is impaired. As a result, patients' bed partners may report that they act out their dreams with behaviors such as kicking, punching, and yelling. The observation that most REM sleep behavior disorder behaviors are violent suggests that the impairment of paralysis may be relative, with a reduction in threshold that is overcome by only the most emotionally salient dreams, perhaps on the basis of catecholamine or amygdala drive.
Autonomic Impairment
Autonomic impairment is common in DLB but is not as profound as in MSA. Constipation is common in both and can be problematic if not treated aggressively. Some patients also experience orthostatic hypotension and its complications, particularly syncope and falls. This is more common later in the course of DLB and can be exacerbated by medications. Denervation of cardiac sympathetic ganglia is widespread and can be appreciated using metaiodobenzylguanidine (MIBG) cardiac scans. 15 In addition, some patients experience neurogenic urinary frequency or incontinence.
DIAGNOSTIC CRITERIA FOR DEMENTIA WITH LEWY BODIES
The consensus criteria for a clinical diagnosis of DLB reflect the clinical features described previously in this article ( Although the specificity of these criteria for a diagnosis of DLB is high (estimated to range from 79% to 100%), the sensitivity can be low (12% to 88%), improving with the addition of the supportive features. 16 These data suggest that we are missing patients with DLB in our clinics. Thus, further refinement of these criteria is needed.
As touched upon previously in this article, the clinical features of DLB can overlap with those of AD. For example, short-term memory loss can occur in both dementias. However, impairment of short-term memory is usually the dominant and earliest feature in AD, where it reflects an error of encoding, due to hippocampal-dependent impairment. In contrast, the pattern of memory loss is more variable in DLB, instead reflecting an error of retrieval in some patients. On cognitive testing, controlling for severity of dementia, patients with DLB are often more impaired than those with AD in tests of attention, executive function, and visual-spatial skills. 5 However, late in the course of DLB and AD, the profiles of cognitive impairment may converge. Although hallucinations and parkinsonism can occur late in the course of AD, neither is common and pervasive in AD, and their early presence should point toward DLB. Fluctuations of awareness or attention are unusual in early AD except when due to a toxic-metabolic process, but daytime sleepiness often increases with increasing dementia severity.
It is useful to keep in mind that parkinsonism and cognitive impairment can also arise in the parkinsonian tauopathy syndromes, progressive supranuclear palsy (PSP), and corticobasal syndrome (CBS). The specific constellation of cognitive and motor impairments differentiates these clinical presentations from DLB and PDD (Case 4-1). A 63-year-old man presented for a neurologic evaluation for progressive cognitive and motor symptoms. His symptoms began 2 years ago when he started to get lost while driving. He then developed a shuffling gait, kyphosis, and a postural tremor, and noted increasing difficulty with buttons. He was involved in a minor motor vehicle accident 1 year later. Short-term memory loss was first noted at this time and was insidiously progressive. He developed nonthreatening visual hallucinations of small children, particularly in the evenings. His performance as a computer technician declined, prompting retirement. His wife took over his medications and the finances at that time. He became frequently somnolent and difficult to arouse during the day, regularly sleeping for at least 2 hours. He grew apathetic and less engaged in conversations. He gave up most of his household chores due to their cognitive rather than physical demands, but he still enjoyed driving around town on overlearned routes. His wife reported that he had been episodically acting out violent dreams over the last few years but otherwise slept well. On examination, he had a Montreal Cognitive Assessment (MoCA) score of 21, with 5 out of 5 errors of 5-minute recall, improving to 3 out of 5 errors with cues, and 1 error of concentration. Spatial testing showed markedly distorted figure copy and clock. Bradyphrenia was prominent. Praxis and language were normal. Vertical gaze was preserved. He had a masked facies, and tone was increased in the neck and arms. Fast repetitive movements were slow in the arms, where a symmetric postural tremor was noted. Gait was slow, with symmetric, reduced arm swing, narrowed stride, and en bloc turns. He was slightly unstable on the pull test. The patient's blood testing was normal. MRI showed minimal global atrophy, and fluorodeoxyglucose positron emission tomography (FDG-PET) revealed temporal, parietal, and occipital hypometabolism. Formal neuropsychological testing confirmed the cognitive profile observed on examination. On the basis of the clinical history, examination, and test results, he was diagnosed with probable dementia with Lewy bodies (DLB). Donepezil was started and was associated with significantly improved cognitive function, along with resolution of his hallucinations. Carbidopa/levodopa 25 mg/100 mg 3 times a day was subsequently initiated and associated with modest improvement of bradykinesia and gait. Physical therapy, occupational therapy, and a home safety evaluation were helpful. His possible rapid eye movement (REM) sleep behavior disorder was deemed mild and left untreated. Visual hallucinations returned after about 6 months as cognition began to again deteriorate but were nonthreatening and well tolerated. Comment. This case illustrates an uncomplicated case of DLB. The constellation of early parkinsonism and hallucinations in the setting of cognitive impairment sufficiently severe to interfere with activities of daily living supports the clinical diagnosis of probable DLB. Occipital hypometabolism is often present in DLB and is discussed in the following section on clinical studies. Both cognitive and motor impairments can impact driving safety in patients with DLB. There are no Lewy body dementiaYspecific guidelines for driving. Driving issues in patients with dementia are discussed in the Patient Management Problem by Elizabeth C. Finger, MD, FRCPC, in this issue of Continuum.
briefly discussed in the following sections. For a more comprehensive discussion of PSP and CBS, refer to the article ''Frontotemporal Dementias'' by Elizabeth C. Finger, MD, FRCPC, 17 in this issue of Continuum.
CLINICAL FEATURES AND DIAGNOSTIC EVALUATION OF PARKINSON DISEASE DEMENTIA
Cognitive and neuropsychiatric impairments in PDD are common and are similar in quality to those of DLB.
Mild Cognitive Impairment and Dementia in Parkinson Disease
Contrary to Dr James Parkinson's introduction to ''An Essay on the Shaking Palsy,'' 18 the intellect is not ''uninjured'' in PD. Although patients with PD first come to medical attention because of characteristic motor signs, including rest tremor, rigidity, bradykinesia, and gait abnormality, specific cognitive impairments in executive function, visual-spatial skill, and even memory function in patients with PD are common and have been known for more than 40 years. 19 PD hastens deterioration of these cognitive abilities over time, with the incidence and prevalence of cognitive impairments increasing with duration and severity of illness. 20, 21 In this sense, PD can be considered a risk factor for dementia. Formal criteria have been developed for mild cognitive impairment (MCI) in PD (Table 4-2).
22,23
These criteria attempt to account for the contribution of motor impairment to functional decline and are now being validated.
Dementia in PD is common, with prevalence rates as high as 78% 24 and incidence rates ranging from 3% to 10% per year, approximately threefold higher than in the normal population.
25Y27 Dementia in PD is associated with high morbidity and mortality, antedating death by approximately 4 years on average. 28 The risk of developing cognitive impairment and dementia in PD has been associated with older age, greater severity of extrapyramidal motor impairment, and longer duration of illness. 20, 24, 25 Additional risk factors have been identified as well, including male gender, atypical motor syndromes (notably the postural instability gait disorder (PIGD) variant, axial symmetrical parkinsonism, and akinetic dominant parkinsonism), and the early development of hallucinations ( Table 4-3) . 24, 27 The cognitive profile in PD dementia overlaps significantly with that observed in DLB. 4 Patients typically demonstrate executive dysfunction and visual-spatial impairment. Caregivers will note new errors with the patient's (usually complex) medication regimen and will often need to intervene. Errors with the finances can be significant. Attention is often impaired and may fluctuate. In fact, late in the course of PD in some patients, inattention may cycle as a peak-dose phenomenon, phase-locked to dopamine replacement dosing. Although naming is often impaired to a variable degree, frank language impairments are not present. As in DLB, free recall is often impaired but tends to improve with cues, suggesting an error of recall rather than encoding. Lastly, bradyphrenia (slowed thinking) may be significant.
Visual hallucinations are common in PDD. Like those of DLB, these are often animate and unimodal and only occasionally dysphoric or fear provoking. Delusions are less common but can arise as well. Both hallucinations and delusions can be precipitated or exacerbated by dopamine replacement medications, and dopamine agonists are particularly notorious. Other primary explanations for cognitive impairment (eg, encephalopathy, stroke, major depression, metabolic abnormalities, adverse effects of medication, or head trauma)
Other PD-associated comorbid conditions (eg, motor impairment or severe anxiety, depression, excessive daytime sleepiness, or psychosis) that, in the opinion of the clinician, significantly influence cognitive testing Reducing these agents or shifting from one class of agent to another (eg, from dopamine agonist to carbidopa/ levodopa) can often dramatically improve these problems. The differential diagnosis for cognitive impairment in PD includes toxic metabolic processes in general and PD medications specifically. Excessive dopamine replacement can worsen executive dysfunction and attention and precipitate or exacerbate hallucinations or delusions. Although this is true of all agents, dopamine agonists are notorious offenders, and amantadine can be problematic in some patients. Carbidopa/levodopa is best tolerated in this regard, but at sufficiently high dose, carbidopa/levodopa can also exacerbate cognitive impairments and precipitate psychosis. Of note, the central anticholinergic agent trihexyphenidyl, used to treat PD tremor, can be particularly deleterious to cognition.
DIAGNOSTIC CRITERIA FOR PARKINSON DISEASE DEMENTIA Consensus criteria for PDD were developed in 2007 (Table 4-4). 6, 29 These criteria require cognitive impairments across multiple domains but emphasize that noncognitive features such as hallucinations are common. As described previously in the article, the clinical and neuropsychological features of DLB and PDD are similar. Indeed, it is the relative timing of dementia and parkinsonism that defines the clinical distinction between DLB and PDD. Controversy exists over how or whether to distinguish these syndromes. 30 
CLINICAL STUDIES
Patients with suspected DLB or PDD should receive a standard evaluation for cognitive impairment, including blood testing to exclude reversible contributions to cognitive impairment such as a thyroid disorder or vitamin B 12 deficiency; a brain MRI scan; and detailed cognitive testing. The MRI scan is nondiagnostic in DLB and PDD, although some degree of global, symmetric atrophy may be appreciated. 31 The finding of marked, disproportionate hippocampal atrophy would point toward AD, while focal cortical atrophy may point toward CBS (see the following section on differential diagnosis). Detailed cognitive testing (if well performed) can provide a valuable assessment of the patient's function across multiple cognitive domains. This is often diagnostically useful and also provides a baseline for future comparisons. In patients with profound fluctuations of attention or arousal, an EEG can exclude seizure activity. In DLB, the EEG often shows diffuse slowing in the theta or delta range.
In a subset of patients with DLB, fluorodeoxyglucose positron emission tomography (FDG-PET) or cerebral blood flow SPECT can also be informative. These often show a characteristic pattern of symmetric hypometabolism involving not just the parietal and temporal regions, as Coexistence of any other abnormality that may by itself cause cognitive impairment, but is judged not to be the cause of dementia (eg, the presence of relevant vascular disease on imaging)
KEY POINTS
Time interval between the development of motor and cognitive symptoms is not known
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seen in AD, but also the occipital lobes. 31 However, in some patients, only the AD pattern of hypometabolism may be present. FDG-PET appears to be more sensitive than SPECT, with a sensitivity of 83% to 92% and a specificity of 67% to 93%. 32 Clinical context is important in interpreting the FDG-PET Typical profile of cognitive deficits including impairment in at least two of the four core cognitive domains (impaired attention which may fluctuate, impaired executive functions, impairment in visual-spatial functions, and impaired free recall memory which usually improves with cueing)
The presence of at least one behavioral symptom (apathy, depressed or anxious mood, hallucinations, delusions, excessive daytime sleepiness) supports the diagnosis of probable PDD; lack of behavioral symptoms, however, does not exclude the diagnosis Atypical profile of cognitive impairment in one or more domains, such as prominent or receptive-type (fluent) aphasia, or pure storage-failure type amnesia (memory does not improve with cueing or in recognition tasks) with preserved attention Behavioral symptoms may or may not be present scan, as occipital hypometabolism has also been described in cognitively normal PD, 33 in PDD, 33, 34 and in posterior cortical atrophy. 35 On SPECT or PET imaging, reduced DAT levels are also observed in DLB and PDD. 31 Because this has high sensitivity (78% to 88%) and specificity (90% to 100%) to differentiate DLB from AD, reduction in DAT levels is one of the suggestive diagnostic features of DLB. However, it is important to note that DAT imaging is also abnormal in CBD and PSP.
CSF assessment is increasingly used in the workup of dementia patients, as the pattern of CSF amyloid-" (A") and tau has high sensitivity and specificity for AD. 36 Because of the frequent coexistence of Alzheimer pathology in DLB, however, the AD CSF pattern does not exclude DLB. Limited data exist for CSF evaluation in DLB, except as a research tool, where molecules such as !-synuclein are under study and have been found to be reduced in DLB (see the following section on trends for more information).
DIFFERENTIAL DIAGNOSIS OF THE LEWY BODY DEMENTIAS
Few clinically useful biomarkers differentiate DLB and PD from MSA and the parkinsonian tauopathies PSP and CBD, and careful history and examination remain the method of choice. Although unusual, cognitive impairment and dementia have recently been described in MSA 37, 38 and can no longer be used as strong evidence against the diagnosis. The early and profound development of dysautonomia, in association with parkinsonism and/or cerebellar ataxia characterizes MSA 39 and can help in its differentiation from DLB and PDD. When present, ataxia is a strong distinguishing feature of MSA. Conversely, the presence of visual hallucinations and fluctuations would argue in favor of DLB or PDD. Late in the course of MSA, cerebellar atrophy and the hot cross bun pons sign may be appreciated on MRI.
While it can be straightforward to differentiate Richardson syndrome, the most common clinical variant of PSP, from PD and DLB in advanced disease, differentiation can be challenging early in the disease. Executive dysfunction and extrapyramidal motor symptoms/signs characteristic of PD (parkinsonism) are common in both PSP and DLB (as well as in PDD). While many patients with DLB have symmetric or axial predominant parkinsonism, axial predominant features are the rule in Richardson syndrome, in association with a lordotic posture rather than the kyphotic posture common to DLB and PD. Other clinically useful features of Richardson syndrome include a specific impairment of vertical gaze, including downgaze, which is preserved in DLB and PD; a frequent facial expression of fear or surprise uncommon in DLB or PD; and a propensity for falls backward early in the course of the illness. While falls are not uncommon in DLB and PD, falls backward are unusual. Late in the course of PSP, midbrain atrophy may be appreciated on midsagittal T1 sequence MRI, revealing the brainstem hummingbird sign.
CBS refers to a classically asymmetric neurodegenerative syndrome of parkinsonism or dystonia, accompanied by asymmetric cortical signs, such as apraxia or cortical sensation loss. Differentiation from DLB and PD is made on the basis of the marked asymmetry and presence of both cortical and extrapyramidal features in CBS. Multiple neuropathologies can underlie the syndrome, with corticobasal degeneration (CBD) accounting for approximately 50% of cases. CBS is often associated with hypometabolism on FDG-PET In addition, hallucinations are uncommon in MSA, PSP, and CBS, as are fluctuations of attention and arousal. The presence of these problems should direct the clinician toward DLB and PDD. REM sleep behavior disorder has been described in both PSP and CBD but is more common in the synucleinopathies (including MSA). In contrast to PD, motor impairments in MSA, PSP, and CBD are rarely responsive to dopamine replacement (Case 4-2).
Case 4-2
A 65-year-old man developed shuffling of his feet and a left arm rest tremor, associated with impaired fine manual coordination. On examination 6 months after symptom onset, masked facies, hypophonia, and left predominant rest tremor, rigidity, and bradykinesia were noted. The patient's gait was parkinsonian. He was started on ropinirole and had a marked improvement of function. He was diagnosed with idiopathic Parkinson disease (PD), and rasagiline was added. As his disease progressed, ropinirole was gradually increased. Physical, occupational, and speech therapy provided additional benefit. For mild depression and anxiety, he was treated with escitalopram. He subsequently developed rapid eye movement (REM) sleep behavior disorder, which was managed with lorazepam. Six years into his illness, he developed the hallucination of a stranger in the living room and began having trouble maintaining his complex medication regimen. On examination at that time, he was markedly inattentive and encephalopathic and moderately dyskinetic. Ropinirole was replaced with carbidopa/ levodopa, melatonin was subsequently substituted for lorazepam, and his wife took over his medication regimen. In this context, hallucinations, confusion, and dyskinesias markedly improved. He resumed his golf game and bridge, but he underperformed at both compared to baseline. Six months later, his hallucinations returned. Although attention was improved, he still demonstrated mild executive dysfunction and visual-spatial impairment. A metabolic panel including thyroid-stimulating hormone (TSH) and vitamin B 12 level was normal. Brain MRI showed mild generalized atrophy without evidence for medial temporal lobe atrophy. Rivastigmine was started and associated with robust improvement of cognition and reduced frequency of hallucinations. Over the next 3 years, the patient's cognition gradually deteriorated. He gave up his hobbies and grew increasingly reliant on his wife to coordinate their plans. He required help to get dressed due to the cognitive demands of the task. He was diagnosed with PD dementia. Memantine was added but was not found to be helpful and was ultimately discontinued.
One night, he developed escalating agitation and concern about intruders in the house. He was brought to an outside emergency department, where he was found to be paranoid and anxious. Mental status testing was notable for disorientation to date, reduced short-term memory, and visualspatial impairment. Workup was negative for a toxic metabolic process. ECG confirmed a normal QTc. Haloperidol was considered by the emergency department staff but the neurology consultant intervened. After discussion with family about the risks and benefits of starting an atypical antipsychotic agent, quetiapine was started and slowly uptitrated, and his paranoia improved. He was discharged home with resolution of the delusions and with neurology follow-up.
Comment. This case illustrates the challenges of managing patients with advanced PD and the common manifestations of cognitive impairment and psychosis in this setting. The need to avoid D 2 receptor antagonists applies to both dementia with Lewy bodies and PD. Given their risks, use of typical and atypical antipsychotics should be minimized.
GENETICS OF THE LEWY BODY DEMENTIAS
A number of genetic mutations have been associated with DLB and PDD, which are interesting clinically but also hold promise to elucidate fundamental mechanisms of disease. Some genetic errors appear to be dose dependent. For example, mutation or duplication of !-synuclein causes autosomal dominant PD, but triplication is often associated with both parkinsonism and dementia. 40 Several other genes also confer risk for DLB and PDD. The most prominent of these is GBA, the gene encoding glucocerebrosidase. 41, 42 While double mutations of GBA cause Gaucher disease (which is autosomal recessive), single GBA mutations are associated with DLB as well as with a variant of PD that carries an increased risk of cognitive impairment. Not all PD-related genes confer such risk, however. For example, the LRRK2 mutation causes autosomal dominant PD without cognitive impairment. 43 In addition, a small number of genes have been identified that carry risk for DLB but not PDD, including the apolipoprotein E (APOE) (4 allele. 44 Mutations in the MAPT gene, which have been associated with the tauopathies such as FTD with parkinsonism, and in the COMT gene, have also been variably observed in PDD. 45 In patients with a strong family history, genetic counseling should be provided and genetic studies should be considered.
SYMPTOMATIC TREATMENT IN DEMENTIA WITH LEWY BODIES AND PARKINSON DISEASE DEMENTIA
This section discusses several therapeutic strategies for the problems that arise in DLB and PDD, and Table 4-5   46 provides a comprehensive list. However, few of these agents have been evaluated for their efficacy in clinical trials, and such studies remain an important need.
A useful first step is to streamline the medication list to remove possible offending agents and drug interactions (Table 4-6). In general, there is value in making single changes systematically and serially, starting at low dose, tackling the most severe problem first. This simple strategy accounts for the frequent sensitivity to medications observed in DLB and allows for straightforward interpretation of the effects of manipulations. In the process of treating multiple problems, patients are at risk for complications of polypharmacy, and agents should be selected cautiously.
Cognitive Impairment
The marked loss of acetylcholine neurons in DLB and PDD is the basis for the use of acetylcholinesterase inhibitors in these illnesses. In placebo-controlled clinical trials, donepezil and rivastigmine have been demonstrated to be effective in treating cognitive impairment in DLB and PDD, respectively. 47 In some patients, the benefit can be marked and unambiguous and may be associated with improvement of hallucinations or delusions as well.
There is little evidence to suggest that acetylcholinesterase inhibitors differ in their efficacy. However, they do vary in their probability of common adverse reactions. Most of these are dose related, and nausea is particularly common. Because such side effects most often occur as a peakdose phenomenon, they may resolve with transition to a transdermal formulation (rivastigmine transdermal system, for example), where the peak dose is reduced. Another important side effect to consider in the appropriate KEY POINTS h It is generally advisable to make single changes in treatment systematically and serially, starting at low dose and tackling the most severe problem first. This simple strategy accounts for the frequent sensitivity to medications in dementia with Lewy bodies and allows for straightforward interpretation of the effects of manipulations. The same dosages of acetylcholinesterase inhibitors can be used for psychomotor slowing as for cognitive impairment (see earlier entry in table)
Carbidopa/levodopa 25 mg/100 mg 2 times a day (upon waking and at dinner) to ensure tolerability, then increase to 3 times a day (upon waking, at lunch, and at dinner)
Variable efficacy
Continued on page 451 48 This study has opened the door to higher dosing in DLB and PDD, and high-dose studies of acetylcholinesterase inhibitors in DLB and PDD are needed.
In small studies, memantine has also been found to be modestly effective in DLB and PDD. 47 Larger studies have not yet been performed to confirm these results. Many patients note little subjective benefit from this agent, but a small subpopulation of patients may report significant improvement.
Many patients with PDD develop their cognitive impairments in the setting of a complex medication regimen tailored for patients with PD with moderate to severe motor disease. When necessary, the cautious withdrawal of trihexyphenidyl or dopamine agonists, transition to carbidopa/levodopa, and, if needed, general dose reduction of dopamine replacement, may improve cognition in these patients. In part due to the complexity of the regimen, medication errors are a common contributor to cognitive impairment or psychosis in this setting. Supervision of medications can be helpful in both DLB and PDD.
Psychosis
Medication review is also critical in managing psychosis. For example, in PDD, the cautious withdrawal of dopamine replacement agents, or transition to carbidopa/levodopa, may improve psychosis.
Hallucinations that are not aversive do not require medical treatment. Acetylcholinesterase inhibitors are the first line of defense for nonemergency visual hallucinations and delusions. They can be very effective for this purpose, and they lack the cardiac risk of the neuroleptics. The basis for their benefit is unclear but suggests that lack of acetylcholine receptor activation, possibly in the ventral visual stream, contributes to these psychotic features.
When atypical antipsychotic agents are needed, quetiapine and clozapine have been found to be least likely to exacerbate parkinsonism 49 or to cause neuroleptic malignant syndrome. These agents should be started at a low dose and slowly titrated to the minimum dose required. Given the increased risk for death in patients with dementia treated with antipsychotic agents, primarily due to cardiac arrest, congestive heart failure, and pneumonia, 50 and the frequent 
TRENDS
Recent advances in our understanding of DLB and PD are likely to impact future diagnosis and management of these diseases. These advances include the concept of preclinical features, the search for diagnostic features of MCI predictive of future DLB, and efforts to determine the causes of dementia in these illnesses.
Preclinical Synucleinopathies
Several preclinical features antedate cognitive, motor, and neuropsychiatric impairments in DLB, PD, and MSA, including constipation, REM sleep behavior disorder, and olfactory loss. These features support the premise that the synucleinopathies can be identified at a preclinical stage, but they do not clearly differentiate between them. These impairments are attributed to ascending !-synuclein pathology, corresponding respectively with Lewy bodies identified in the enteric plexus, in brainstem sleep centers, and in the olfactory bulb, as suggested by crosssectional neuropathologic studies. 14, 51 Efforts are now underway to improve screening to identify at-risk patients. Future neuroprotective strategies will likely take advantage of these and related preclinical features. their instrumental and basic activities of daily living meet criteria for Lewy body spectrum MCI. 14 The sensitivity and specificity for a diagnosis of Lewy bodyYMCI (LB-MCI) are likely to be lower than for DLB, in part due to milder manifestations of the core criteria. Ancillary testing has yet to be validated in LB-MCI. For example, the prevalence of occipital hypometabolism appears to be reduced in LB-MCI compared with DLB. In addition, the sensitivity of the DAT scan may be reduced when extrapyramidal symptoms are mild. Like preclinical DLB, LB-MCI is a useful construct for therapeutic clinical trials and for biomarker studies.
Mechanisms for Dementia and Disease-Modifying Treatment Trials
Multiple pathologic processes have been linked to cognitive impairment and psychosis in DLB and PDD, including !-synuclein deposition with secondary synapse impairment, 7,52,53 amyloid burden, 10, 54 and dopamine 55 and acetycholine 9 cell loss (Table 4-7).
52Y60
The difference in the timing of
KEY POINT
h Given its prevalence, dementia with Lewy bodies is likely to be a common cause of mild cognitive impairment. Impaired midbrain dopamine neuron projections to limbic and cognitive brain regions, such as the caudate and anterior cingulate 55, 56 Loss of acetylcholine neurons (diagonal band of Broca and nucleus basalis of Meynert) 9, 57 Comorbid Alzheimer pathology, including amyloid deposition and a variable degree of tau aggregation in neurites and neurofibrillary tangles; note that amyloid deposition is often greater in dementia with Lewy bodies than in Parkinson disease dementia 10, 54 b Hallucinations
Lewy pathology in the ventral visual stream 16 Cortical thinning of visual association cortex Lewy body pathology in central autonomic circuits or in autonomic and enteric ganglia 60 cognitive and motor impairments in DLB and PDD likely reflects a difference in the temporal sequence of these pathologies. One possibility is that in DLB, cortical lesions, mostly "-amyloid, arise early, driving cognitive impairment. Then, !-synuclein pathology ascends from brainstem to cortex. In contrast, in PDD, cortical lesions arise late, and ascending !-synuclein pathology drives the clinical syndrome. Amyloid PET imaging in DLB and PDD supports this model, showing high amyloid burden in most cases of DLB, with more modest accumulation in PDD. 54 Antibodies targeting "-amyloid have entered clinical trials in AD and MCI. 61 Although the outcomes are uncertain, the strategy is applicable to DLB and possibly to PDD, where amyloid accumulation appears to contribute to certain clinical features, including the timing and rate of cognitive decline. 54 A similar immune targeting approach is under development for !-synuclein. If successful, this strategy would be applicable to both DLB and PD, irrespective of cognitive impairment.
CONCLUSION DLB and PDD are clinically and neuropathologically similar illnesses distinguished on the basis of the relative timing of dementia and parkinsonism. The core features of these illnesses include dementia, parkinsonism, hallucinations, and fluctuations of attention or arousal. The deposition of !-synuclein is central to both of these illnesses. Additional neuropathologic changes such as dopamine and acetylcholine cell loss are likely secondary. Superimposed AD-associated neuropathologic changes are common in DLB and PDD and appear to be synergistic. Treatment strategies targeting specific clinical impairments in DLB and PDD need to be carefully selected to avoid worsening other domains of impairment. Diseasemodifying therapies remain a major unmet need.
